The imbalance between dynamic and stable microtubules underlies neurodegeneration induced by 2,5-hexanedione.
Exposure to environmental toxins, including hydrocarbon solvents, increases the risk of developing Parkinson's disease. An emergent hypothesis considers microtubule dysfunction as one of the crucial events in triggering neuronal degeneration in Parkinson's disease. Here, we used 2,5-hexanedione (2,5-HD), the toxic metabolite of n-hexane, to analyse the early effects of toxin-induced neurodegeneration on the cytoskeleton in multiple model systems. In PC12 cells differentiated with nerve growth factor for 5 days, we found that 2,5-HD treatment affected all the cytoskeletal components. Moreover, we observed alterations in microtubule distribution and stability, in addition to the imbalance of post-translational modifications of α-tubulin. Similar defects were also found in vivo in 2,5-HD-intoxicated mice. Interestingly, we also found that 2,5-HD exposure induced significant changes in microtubule stability in human skin fibroblasts obtained from Parkinson's disease patients harbouring mutations in PRKN gene, whereas it was ineffective in healthy donor fibroblasts, suggesting that the genetic background may really make the difference in microtubule susceptibility to this environmental Parkinson's disease-related toxin. In conclusion, by showing the imbalance between dynamic and stable microtubules in hydrocarbon-induced parkinsonism, our data support the crucial role of microtubule defects in triggering neurodegeneration.